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INTRODUCTION 
35 
The succ白sfulsurgical treatment of an intracranial aneurysm consists in the occlusion 
of the lumen by clipping or ligation of its neck or the strengthening of the wall by wrap-
ping it with muscle, gelatine sponge, etc., and coating with various plastic adhesives. 
Difficulty in clipping is often encountered in the treatment of intracranial aneurysms 
which are firmly adherent to the surrounding tissues. In such cases, clipping of the neck 
is not possible, nor is over al reinforcement of the aneurysm with EDH-Adhesive (Bio-
bond勺2)14川｝叫， becauseof the danger involved in exposing the lesion. 
Another method that has been tried for the treatment of such aneurysms is oblite-
raion of the lumen by introducing agents both foreign and natural that stimulate thrombus 
formation, such as, 
1) Hanging of double silk threads in the aneurysm cavity -DANDY41. 
2) Artificial embolization (catheterization included) BROOKS (1931) 3l, SPEAKMAN 
(1964）叫， LUESSENHOP(1960) 19>20】， SANO(1965) 21>. 
3) Pilojection GALLAGHER (1963) 9>1011>, FUKAI et al. (1964) 8'. 
4) Metal needle implantation -MULLAN et al. (1964) 21>2). 
5) Stereotaxic copper electric thrombosis -MULLAN et al. (1965) 23> 24>. 
6) Stereotaxic magnetically controlled metallic thrombosis -ALKSNE et al.1>. 
7) Intraluminal plastics GENEST (1965) 12人
8) Injection of hypercoagulable serum, thrombin, and other chemical substances 
(under investigation). 
Each one of above described methods has problems and limitations in its clinical 
application, which have led us to seek other ways of attacking the problem. 
We often notice at the time of operation that aneurysms are actually larger than 
cerebral angiograms indicate. This is due to spontaneous thrombus formation in the lumen, 
which is considered to be fortunate and protects them against rupture rheologically, since 
the deposition of blood clots decreases the lateral pr邸 ureon the wall (Fig. 1). 
During the past five years we have studied artificially induced thrombosis, especially 
that induced by electric current. Our studies were based on the widely accepted assump-
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Fig. 1 Diagram of Aneurysm. 
3mA. 
＼ 
Fig. 2 Electric induction of thrombus in dog 
carotid artery by aplicatipn of bipolar electrod田．
their attendant propensity to cause reaction. 
tion that the inner surface of the intact vessel 
wall has a constant negative charge in respect 
to the adventitia, and that most blood consti-
tuents also have a negative surface charge, so 
that the blood cel elements are constantly 
repelled from the inner wall ; thrombi are 
thus prevented from forming on the intact 
vessel wall 28> 29>. Furthermore, in vessels with 
injured walls, it has been demonstrated that 
thrombi frequently develop when the normal 
polarity of the vessel is altered by intimal 
damage2則的． It has also been demonstrated 
that the imposition of a charge on the vesel 
wall to reverse the normal polarity causes the 
cr回tion of a thrombus near the positive 
el配 trode28>rn 46>. A standard thrombus αn 
be induced by the application of bipolar 
el配 trod民 apositive internal needle type and 
a negative external plate electrode, and the 
imposition of a controlled current, 3 ma for 
1 hour (Fig. 2) m. On the basis of these 
experimental studies, a new method was de-
signed to obliterate the lumen of an intra-
cranial aneurysm by electrically induced throm-
bosis in combination with reinforcement by 
EDH-Adhesive15>. Obliteration by throm-
bosis is desirable, since plugging up of the 
lumen is accomplished by physiological blood 
cel elements, and not by foreign bodies, with 
For clinical application, we must solve several technic.:al problems: 
1) How to apply the electrode in such a narrow O戸rativefield. 
2) Limitation of the time for inducing a thrombus to les than 20 min. even under 
hypothermic anesthesia, since the aneuηrsm must be clipped distally and proximally tern-
porarily in order to interrupt blood flow. 
3) Methods of control or confirmation of an induced thrombus in the lumen as to 
its quality and quantity during or immediately after the passage of the current. 
EXPERIMENTAL PRODUCTION OF A THROMBUS FOR A LIMITED 
TIME BY CONTROLLED ELECTRIC CURRENT 
Instead of the production of a thrombus by the application of bipolar electrodes, a 
unipolar anodal electrode, of the fine platinum needle type (0.2 mm in diameter), was 
inserted into the vessel lumen without causing rupture either by manual manipulation or 
by the so-called “Acupuncture”technique (Figs. 3 and 4). 




Fig. 3 Acupuncture needle and guide. 
It is rather difficult to produce experi-
mental aneuηsms in animals which simulate 
intracranial aneuηsms in human beings, and 
thrombus formation frequently occurs in the 
process. Normal dog common carotid arteries 
were used, since thrombosis rarely occurs in 
them. 
METHODS AND MATERIALS 
Method I (15 dogs) : Relationship 
between the kinds of electric current and 
thrombus formation. 
Adult mongrel dogs, weighting 7 to 13 
Fig. 4 "Acupuncture”technique. 
37 
kg, were used. Under intravenous anesthesia with 5% nembutal (0.6 cc/kg), a skin in-
cision about 5 cm long was made in the midline of the neck anteriorly. The common 
carotid arteri田， measuringapproximately 2.5 to 4.5 mm in diameter, were exposed and 
carefully dissected free from the surrounding tissues. 
The lumen of a 2 cm long segment of the common carotid artery was completely 
occluded by two silk sutures, and a fine platinum needle electrode was inserted for 1 cm 
into the lumen at the midportion of the segment either by manual manipulation or by 
“Acupuncture”technique. The segments, one experimental and the other control, were 
carefully insulated from the surrounding tissues by rubber sheets to prevent electric leakage. 
A stainless-steel hypodermic needle was then inserted for about 1 cm into the tissues near 
the platinum needle and was used as a counter-electrode. 3 mA and 5 mA D. C., positive 
and negative, and A. C. were imposed for 15 to 20 minutes. Immediately after the 
cessation of the electric current, the electrodes and the two silk sutures were removed. 
Two or three days later, the segments were exposed and excised to determine, both macro-
scopically and microscopically, whether or not a thrombus had formed. 
Method II (60 dogs) : Influence of the blood flow and postoperative CAG on throm-
bus formation. 
Procedure similar to Method I were carried out both with and without ligations and/ 
or immediate CAG. CAG was performed by injection of 1 cc of 60% Urografin from 
the proximal portion of the common carotid artery exposed by sharp and blunt dissections. 
The segments were examined again by CAG on the second or third day. 
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Method III (25 dogs) : Relationship between strength of positive electric current and 
rate of thrombus formation. 
Varying amounts of anodal imposition upon the segment were tried, and the segments 
were excised 2 or 3 days later for histological studies. 
Method IV (10 dogs) : Follow-up studies of electrically induced thrombosis. 
The 2 cm long segments subjected to a positive electric current of 5 mA for 20 min. 
were examined by manual palpation for 3 days and again after 5 weeks. All segments 
were excised after 5 weeks and examined histologically. 
Method V (3 dogs) : Measurement of the local temperature of the electrode inserted 
into the segment during the passage of a direct current. 
Local temperature around the platinum electrode, and of the vessel wall at a distance 
from the electrode during the pa鈴ageof an electric current was measured, by thermocouple 
(Copper-Constantan), with a precise potentiometer connected to a recorder. 
RESULTS 
Method I As shown in Table 1, 2 out of 3 vessels were occluded by thrombus 
formation when treated with D. C. + 3 mA for 20 min. ; al 3 vessels were occluded with 
D. C. + 5 mA for 20 min. and 1 out of 3 vessels was occluded with D. C. -5 mA for 






















Table 2 RE lationship between the amount of 
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Method II : The results are summarized 
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Fig. 5 Three day old specimen. Dog common 
carotid artery containing thrombus. 
rn. E ×20) 
Fig. 9 Electrolized specimen of arteriovenous 
malformation. (!-I. E. x 10) 
Fig. 36 One week old specimen of dog common 
carotid artery containing a thrombus 
(H. E.×10) 
Fig. 6 Fiw week old specimen. r H. E. x 10) 
Fig. 17 Electrolized specimen of v訂ixof the 
superior ophthalmic vein. (H. E. x 10) 
Fig. 38 Dog femoral vein containing thrombus 
three days after the procedure. (H. E. x 20) 
40 
Temp.of the vassol Temp of the vessel 
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μv. Method V : No significant difference 
1so was noted between the temperature at the 
1 ooo electrode inserted into the segment during 
soo the pas回ge of D. C., and that of the 
0 vessel wall far from the electrode (Fig. 
7). 
woll during the imp- woll回fore仲wim凹ー。sit1onof an蜘 ctric 陶胴Temp吋 ionof an electric向。mTamp. There were fewer bubbles of gas formed 
with A. C. than with D. C. 
curr・nl currant 
Fig. 7 Potentiogram evolved by thermocouple 
(CC). 
DISCUSSION 
In Method I, thrombosis was induced only with anodal insertion, except with cathodal 
insertion and a current of 5 mA for 20 min. (1/3 dogs). These results are in keeping 
with those of earlier studiesり25>3032>. SCH¥YARTZ41-43>, and RICHARDSON26> reported the 
prevention of thrombosis with the use of a negative electric current. SA WYER et al. 
34>35>35>39H7>, on the other hand, demonstrated the use of electrical hemostasis for uncon-
trollable bleeding during major surgery or in severe hemophilia. 
Fundametally, thrombus formation is based on one or more of the following distur-
bances : 1) slowing of the blood stream, 2) damage to the vessel wall, 3) hypercoagula-
bility of the blood. In Method I, the great influence of the blood flow on thrombus 
formation was observed. It is also evident from the data that immediate CAG is un-
favourable for thrombus formation, presumably because of its flushing effect on the induced 
coagulum around the electrode. 
In Method II, a positive electric current of 5 mA for 15 to 20 min. was found to 
be enough to produce a thrombus in al cases. It is reasonable to presume that this amount 
of current is satisfactory for occluding the lumen of an intracranial aneurysm. In the ob-
!iterating method of treatment of intracranial aneurysms and/or arteriovenous malformations, 
two main problems must be solved spontaneous dissolution of an induced thrombus, and 
its embolic nature. In Method IV, electrically induced thrombi were examined for more 
than a month, and no tendency towards spontaneous dissolution or absorbability was observed. 
Further, no neurological dificits were observed during the~e follow-up periods. No exten-
sion of thrombosis from the aneurysm into the parent vessel occurs, since the rapid flow 
of blood across the mouth of the aneurysm p町 entsthe cloti碍 processfrom going民yond
that point. 
In Method V, the etiology of the bubbles of gas appearing around the electrode during 
D. C. was investigated. Measurements of local temperature indicated that these bubbles 
are evolved by electrolysis, not by coagulation of protein due to Joule’s heat. 
CLINICAL TRIALS 
Case 1. A 20 year-old male had an episode of los of consciousness for a few 
minutes five months prior to admission. In the morning of the day of admission, he had 
another episode of headache and vomiting followed by los of consciousness immediately 
after exercise. A lumbar puncture revealed bloody fluid under an initial pressure equiva-
lent to 185 mm of water. Right carotid叫昭aphyshowed an arteriovenous malf~rma-
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tion in the right occipital region (Fig. 8). A segmental and fractional positive direct 
current of 5 mA was applied to the tangled vessels, along with clips. Total extirpation 
of the angioma was then accomplished with ease and minimal bleeding (Fig. 9). The 
postoperative course was uneventful (Fig. 10), and the patient has been doing well for a 
year and eight months. 
Fig. 8 Preoperative CAG. Fig. 10 Postoperative CAG. 
Case 2. 26-year old female was found by bilateral carotid angiography to have an 
aneurysm arising from the anterior communicating artery (Figs. 11 and 12) . At the time 
of operation, the aneurysm was firmly adherent to the adjacent brain, and the neck of the 
aneuηrsm was rather broad. Since clips could not easily be applied, and even our method 
of coating with “EDH Adhesive" was imperfect, obliteration of the lumen with electrically 
induced thrombosis was tried. A temporary clip was placed on the right anterior cerebral 
artery, and a platinum needle was inserted manually through which a positive direct current 
of 3 mA was applied for one minute. This procedure was repeated nine times at at dif-
ferent angles to the aneurysmal sac, so that a blackish-brown discoloration of the aneurysm 
was obtained. Each time just before removal of the needle，“£DH-Adhesive”was applied 
to control the bleeding and also to coat the aneurysmal sac completely. The patient 
tolerated these procedures and is perfectly well postoperatively. Postoperative angiograms 
showed partial obliteration of the aneurysmal lumen to about two-fifths of its preoperative 
size (Figs. 13 and 14). She has since been asymptomatic for a y回rand four mohths. 
Case 3. A 60-year-old male was admitted to our clinic with complaints of inter-
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Fig. 11 Preoperative CAG. Fig. 12 
Fig. 13 Postoperative CAG. Fig. 14 
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mittent right exophthalmos and diplopia of four y白 rsduration. A right angular phlebo-
gram showed a large varix of the right superior ophthalmic vein (Fig. 15). After removal 
of the right orbital roof, a varix, approximately 2.0×1.5 cm，回meinto view (Fig. 16). 
Because of indistinctness of the main trunk of the varix, treatment by positive direct current 
was decided upon. A platinum needle was inserted manually into the varix and a positive 
direct current of 5 mA was applied for 15 to 20 minutes four times from different angles. 
Shrinkage of the varix was observed, and total extirpation was accomplished without much 
difficulty or gross bleeding (Fig. 17) . He was discharged very much improved and has 
been perfectly well for eleven months. 
Comments : Complete obliteration of the lumen of an intracranial aneurysm is not 
always necessary from the rheological standpoint. In order to stop the increasing strain 
leading to its rupture, even partial obliteration of the lumen by the deposition of blood 
clots is enough to decrease the lateral pressure on the vessel wall. 
An anodal current works better in shrinking arteriovenous malformations before com-
plete extirpation and in controlling bleeding by electrical hemostasis than in causing com-
plete obliteration of the lumen. 
Dr. MULLAN’S Copper Electric Thrombosis of human intracranial aneurysms24> is very 
similar to our new method, and was performed coincidentally paralleling our studies. 
However, his method is technically distinct from ours. In his method, the anode is inserted 
into the aneurysms stereotaxically through a burr hole, and a current of up to 2 mA is
applied for 24 to 48 hours. 
It should be stressed that our new method is intended for the treatment of selected 
craniotomized白 sesnot treatable directly by any known procedures after the nature of the 
Fig. 15 Preoperative angular phlebogram. 
aneurysm and its relation to the surrounding 
tissues have been determined, in the hope of 
decreasing the lateral pressure on the aneu-
rysmal wall and thereby preventing the in-
creasing strain leading to its rupture. 
Fig. 16 
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RELATIONSHIP BETWEEN POTENTIAL DIFFERENCE CHANGES 
AND ELECTRICALLY INDUCED THROMBOSIS 
Although a thrombus can be produced by controlled current electrolysis with 5 mA 
for 15 to 20 min., we cannot determine whether or not a thrombus will be produced, or 
estimate its quality and gross quantity, if induced, during the passage of the current or 
immediately after the cessation of the current. In an attempt to find this information, a 
correlation between the currents and changes in potential difference (P. D.) was sought. 
METHODS AND MATERIALS 
Method I (10 dogs) : Measurerr:cnt of the potential difference across the wall of the 
normal dog carotid artery. 
A 1 cm long platim・m needle tyi:e ekctrcc'e, 0 3 mm in diaffetcr, connected to an 
insulated wire by enamel was in~erted into the lumen of the common carotid artery via 
the superior thyroid artery, and the inserted portion of the superior thyroid artery was 
tightly ligated together with the insulated wire. A 10×5 mm platinum plate type electrode, 
0.15 mm in thickness, connected to the vinyl-coated wire was placed on the wall of the 
common carotid artery corresponding to the internal electrode, which was carefully insulated 
from the surrounding tissues with rubber sheets. Using a precise potentiometer connected 
to a high impedance recorder in <:eries with a pair of measuring electrodes, measurement 
Sup_ thyroid 
Ext. Pt. electrode 
of the potential difference was carried out 
without any current. Care was taken not to 
form a short circuit (Fig. 18). The P. D. 
across the vessel with no interfering blood 
flow was measured first, and then the portion 
proximal to the electrodes was ligated followed 
Fig. 18 Measurement of the P. D. aero田 thewal by ligation approximately 2 cm distal to the 
of dog common carotid artery. electrodes to observe the changes in P. D. 
caused by stasis of the blood flow were thus determined. 
Method II: Changes of the P. D. in various situations. 
1) A crushing injury was inflicted with Kocher clamp applied for one minute close 
to the electrodes (3 dogs). 
2) Intravenous injection of 5 ml of heparin sodium (5000 U) at a rate of 0.5 ml 
per second, and intraarterial injection of 1 ml of heparin sodium proximal to the electrodes 
at a rate of 0.1 ml per second were given (3 dogs). 
3) Protamine sulfate, 5 ml (50 mg) intravenously, and 1 ml intraarterially was in-
jected in a similar fashion (3 dogs). 
4) An injection of 20 cc of 1/lON HCL solution was given intravenously at a rate 
of 1 ml per second (2 dogs). 
5) An injection of 20 cc of l/lON NaOH solution was also given intravenously at 
a rate of 1 ml per second (2 dogs). 
6) Twenty cc of normal saline solution was injected proximal to the electrodes at 
a rate of approximately 0 26 ml per second (2 dogs). 
Method III: Changes in P. D.伺 usedby electric current. 
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1) D. C. and A. C. currents of 3 mA were applied for 15 seconds, through both 
internal and external electrodes, and the P. D. changes were measured immediately after 
the current was turned off (6 dogs). 
2) D. C. and A. C. of 5 mA were applied for about 15 seconds, through a fine 
unipolar platinum needle type electrode, 0.2 mm in diameter, in~erted into the vessel lumen 
almost parallel to the internal electrode. Care was taken to avoid contact between the 
electrodes in the lumen. The counter-electrode, a stainless-steel hypodermic injection needle, 
was inserted 1 cm into the surrounding tissues. Immediately after t上ec.pplicaticn of tl:e 
currents, the changes in P. D. were measured (6 dogs). 
3) Five mA of a positive electric current was applied for about 15 min. upcn a 2 
cm long segment between two silk ligatures, During the pasrnge of the current, the P. 
D. between the needle electrode and the counter-electrcdes w<:.s m臼弘氏dat intervals of 
2 min. (3 dogs). 
RESULTS 
Method I: The measured P. D. across the intact wall of tl:e dog common carotid 
artery varied between -10 m V and -t 480 m V (average 17 4.4 m V). The P. D. at the 
ligature proximal to the electrodes tended increase slightly (up to 40 m V), but at the distal 
ligature there was almost no changes in the P. D. 
Method II: 
1) Potentiograms of injured vessel walls showed a tendency for the P. D. to decrease 
slightly (up to 80 m V), but not enough for the P D. to be reversed. 
2) and 3) No definite changes were obE:erved in the potentiograms after the administ-
ration of heparin sodium or protamine sulfate. 
4) The intravenous injection of 20 cc of 1/lON HCL solution decreased the P. D. 
by approximately 20 m V (Fig. 19). 
5) In contrast, the i. v. injection of 1/lON NaOH solution slightly increased the P. 
D. by approximately 20 m V (Fig. 19) . 
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Fig. 21 P. D. changes caused by electric curent 
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Fig. 22 P. D. changes caused by electric curent 
throhgh unipolar electrode. 
the lumen proximal to the ligature showed 
moderate changes of the P. D. of up to 100 
m V (Fig. 20). 
Method III: 
1) When the internal electrode was 
connected to the negative terminal of the 
potentiometer and the external to the positive 
terminal, potentiograms showed a moderate 
increase of the P. D. of up to 330 m V, but 
when the electrodes were reversed, the potenti-
o s 10 1s MIN. ograms showed a marked decrease, of up to 
Fig. 23 Char沼田 ofvoltage (V1) and P. D. (V2) 760 m V. A. C. also decreased the P. D. 
betwen acting and counte同 lectrod田 during moderately, of up to 400 mV (Fig. 21). 
controled curent electrolysis. 2) A positive current of 5 mA caused 
a slight increase of the P. D., of up to 160 mV. and a negative current caused a marked 
decrease of up to 760 mV. The passage of A. C. also showed a moderate decrease of 
the P. D. of up to 450 m V (Fig. 22). 
3) As shown in Fig. 23, the voltage (V1) required to provide a constant flow of 
5 mA increased with time, but the P. D. between two electrodes (V2) did not show a 
corresponding increase with time. V2 was relatively constant, and the P. D. was maximum 
around 8 min. after application of the cuπent. During the passage of the cJrrent, V2 
varied between 1.4 and 2.5 V. At the level of the maximum P. D., the segments were 
al almost totally discolored. In some cases, the maximum level of the P. D. could not 
be determined readily because of a plateau-shaped flat curve. 
DISCUSSION 
In the present experiments, the measured P. D. is not the transmural P. D. Variability 
in the measured P. D. across the normal intact wall of the dog carotid artery, in Method 
I, suggests that the blood present between the two electrodes exerts a great influence upon 
the P. D. Demonstrable P. D. is presumably brought about mainly by the blood and its 
diffusion across the vessel wall. Stasis of the blood flow did not bring about P. D. changes 
of an easily measurable magnitude. The initial hypothesis that the intima is negatively 
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charged in respect to the adventitia, presented by SA WYER et al. 29>, has been modified by 
several investigations done to determine the possible existence, magnitude and polarity of 
the normal P. D. across the vessel wall, both in vivo and in vitro. EISNER et al.7l reported 
that a potential difference was not detectable across the aortic walls of dogs when the 
electrodes were directly opposite each other, and if potentials normally exist across blood 
vessel walls, these are les than 1 mV. In vitro experiments by HARSHAW et al.16> on 
isolated四 nineaorta and vena回vashowed that the P. D. across the伺 nineblood vessel 
wall was roughly O士50μ V. and that vessels did not possess any significant intrinsic 
transmural P. D. in vitro. 
In Method I, measurements of the P. D. changes were attempted in various situa-
tions. SAWYER et al. 28> indicated that the polarity of the normal vessel wall is reversed 
after injury to the vessel and noted a correlation between the development of a positive 
charge on the intima and an increased incidence of thrombosis. However, investigations 
of thrombosis using a new experimental model devised by GILSDORF et al.13> have providαl 
interesting results: the P. D. across the wall of an intact vessel and the wall of the reana-
stomosed control vessel was 20 to 25 m V negative in relation to the outside, and the same 
polarity existed in a segment turned inside out although the P. D. was 30 m V. Vessel 
segments of carotid and femoral arteries turned inside out were found to develop throm-
botic occlusions in al 回ses.
The first experiment in Method I, in which the carotid artery was crushed with a 
Kocher clamp, failed to produce any remarkable P. D. changes. The administration of 
an electronegative agent, heparin sodium and an electeopositive material, protamine sulfate, 
had almost no influence on the P. D. The administration of a strongly basic material, 
1/lON HCL, slightly decreased the P. D. In contrast, a strongly alkaline material, 1/ 
ION NaOH, slightly increased the P. D. These results suggest that the measured P D. 
is influenced by the changes of blood pH. Rapid intraarterial injection at a high pressure 
of normal saline solution caused moderate changes of the P. D., probably due to rheological 
factors, by changing the P. D. between the flowing intraluminal solution and the vessel 
wall. According to HARSHAW and SAWYER17>, the size of the potential difference and 
charge could be varied by changing the pH of the solution of the overall ionic movement, 
which refers to the zeta potential on the mesh work of pores traversing the vessel wall. 
SAWYER and HrMMELFARB40> pointed out that the measured flow potential apparently 
changed linealy with changes in flow rate and disappeared with cessation of cardiac output. 
They also mentioned that the zeta potential of the blood-intimal interface was negatively 
charged with reference to the flowing blood and in addition, the zeta potential, though not 
quantitatively calculable from the flow potential, was probably of the order of magnitude 
of hundreds of millivolts. 
The experiments in Method II were designed to investigate the P. D. changEs caused 
by the passage of the different kinds of electric cuηent. In the first and second experi-
ments, changes of the P. D. were constantly seen in relation to the polarity of the electric 
currents. The passage of A. C. also tended decrease the P. D. slightly. These results 
suggest that the vessel wall is a diffusion membrane, and that at the same time active 
ion fluxes occur across it. The P. D. changes caused by the passage of A. C. are con-
sidered to be brought about by the presence of a semipermeable membrane or autoregu-
lation of the ion transport across the vessel wall, which may act like a rectifier for A. C. 
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Recently, SAWYER et al. 35> have also reported finding active ion transport町curringacr05.5 
the aorta and vena cava in vivo experiments, with a net Na and Cl flux taking place 
from the intima to the adventitia across the aorta, and from the adventitia to the intima 
across the vena回 vaat low P. D. s. They also alluded to the possible relationship of 
derangement of active ion transport mechanisms produced by electric current and tisue 
injury P. D. to intravascular thrombosis. It has been postulated by SAWYER and others1l 
that the porous graft allows the transport of ions across the prosth白is,preventing the 
accumulaticn of a large electrical potential on the inner face between the prosthesis釦d
the blood stream. This ccnccpt isεupported by the fact that thrombcsis almost uniformly 






grafts develop thrombosis les readily”. The 
solid plastic structure has been considered an 
electrical condensor which allows the build・ 
up of ions which, at times, may produce a 
positive charge and lead to thrombosis. P. D. 
changes in the present experiments were found 
to be influenced by various operating factors 
other than the P, D. ofthe V自民lwall itself 
(Fig. 24). 
Fig. 24 Di回gramof口rcuitequivalent to blood 
The last experiment was designed in an 
attempt to find a definite way to obtain infor・ 
mation about the quality and gross quantity 
of electrically induced thrombosis. Changes 
of the P. D. between the acting electrode and 
the counter-electrode were not so marked as 
the changes of the voltage which allows a 
flow of 5 mA in the circuit in relation to the 
lapse of time. Therefore, quantitative evalua・ 
tion is difficult, even if the qualitative chan・ 
g田 canbe determined to some extent. 
V白sel.
EXPERIMENTAL PRODUCTION OF A THROMBUS FOR A LIMITED 
TIME BY CONTROLLED POTENTIAL ELECTROLYSIS 
Measurements of P. D. changes of the vessel wall were carried out in PART 1 m 
order to establish indicators of whether or not a thrombus will be induced, and to estimate 
the quality and gross quantity, if it can be produced, during or immediately after the 
procedure. However, no definite correlation between the application of the current and 
the modes of thrombus formation was observed. At this point, controlled potential 
electrolysis was used in an attempt to obtain this information. 
METHODS AND MATERIALS 
Method I (20 dogs) : By a procedure similar to that used in experiments descri出d
in PART I, a 2 cm long segment of the common carotid artery was tied of, a fine 
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platinum needle-type positive electrode was inserted 1 cm into the segment, and a stainles-
stel hypodermic injection needle was inserted into the surrounding tissues as a negative 
electrode. A current of up to 35 volts was supplied by a regulated D. C. power source 
connected to a precise milliammeter. Under the various controlled voltages (10, 15, 20, 
25, 30, 35 V) , electrolysis was performed, and the amount of the current was checked 
and plotted every minute to make the I-t curve. The changes in the segment were 
observed during the application of the current, and the segment was then removed im-
mediately for histological studies. Ten segments thus electrolized were followed for 2 days 
to 5 weeks, after removal of the silk sutures immediately after the procedure. 
Method II (5 dogs) : A 5 cm long segment between two silk ligaures was studied 
in the same way. 
Method III (5 dogs) : A silk ligature was tied together with an 18 gauge injection 
needle placed parallel and attached to the common carotid artery, then the injection needle 
was gently slipped out of the loop. Another ligature was made in a same fashion at a 
distance of 2 cm, and the current was applied. 
Method IV (5 dogs) Without interruption of the blood flow, controlled potential 
electrolysis was attempted. 
Method V (5 dogs) : Negative controlled 仰trntialelectrolysis was tried in a 2 cm 
long segment, with a platinum needle as a negative electrode. 
Method VI (5 dogs) : Alternating current was imposed upon the segment. 
Method VII (5 dogs) : Before the application of the current, the segment was in-
jured mechanically with a Kocher clamp at the midportion for one mintute. 
Method VIII (5 dogs) : At the time of preparation of the segment, the distal por-
tion was ligated first, and 0.5 ml (250 U) of heparin sodium was injected from the peoximal 
poetion. Then, the peoximal portion wat ligated. The 2 cm long segment was then 
electrolized under controlled voltages. 
Method IX (5 dogs) : Similar to Method VIII except that 0.5 ml (5 mg) of prota-
mine sulfate was injected instead of heparin. 
Method X (18 dogs) : Approximately 5 cm long skin incisions were made in the 
inguinal regions, and the femoral veins were exposed and carefully dissected free from 
the surrounding tissues. A section of the femoral vein with no branches was tied by two 
silk ligatures 2 cm apart. Then Methods I 
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Method I・ As shown in Fig. 25, no 
changes in the amount of the current were 
observed with positive controlled potential 
electolysis at 10 and 15 V. The current 
began to decrease at over 20 V. Controlled 
potential electrolysis with 10 V caused bubbles 
of gas to appear, but no discoloration of the 
segment. Electrolysis at over 20 V resulted 
Fig. 25 Controled potential el町trolvsisat various 
vol tag田．
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in blackish-brown discoloration of the segment starting from around the needle electrode, as 
the current began to decrease. When the current went down to 1 mA, the segment were 
totally discolored. Ten segments electrolized with current above 5 mA at the start of 
electrolysis were al totally occluded by thrombus formation on the second day after the 
procedur白・ In al of cases, the current fel to les than 1 mA within 10 to 15 min. 
Even with the same voltage, the I-t curve showed individual variations in respect to the 
mA time when the current fel to les than 1 mA, 
10 I ~ the shape of the curve, etc., but in al cases, 
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Fig. 27 Controled potential electrolysis in a 
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Fig. 28 Controled伊tentialelectrolysis without 
interfering blod flow. 
current fel to les than 1 mA. When the 
initial current was higher, it took les time 
for it to fal to 1 mA. 
Method II : As shown in Fig. 26, the 
current began to decrease later in 5 cm than 
in 2 cm long segments. However, it began 
to decrease within 15 to 20 min. in al cases. 
In this method, also, the current began to 
decrease when the segments were totaly dis-
colored. Two of 3 followed-up segmen岱
were totally occluded on the second postopera・ 
tive day. 
Method III : As shown in Fig. 27, the 
I t curv白 werenot of the descending type 
seen with Method I, and total discoloration 
of the segments was not seen within 15 to 
20 min. Of the 3 dogs treated for 15 min. 
only one developed complete occlusion. 
Method IV : No decrease of the current 
was observed within 15 to 20 min. (Fig. 28), 
and follow-up studies (3 dogs) were al 
negative. 
Method V : The I t curves fluctuated, 
and there was no tendency for the current 
to decrease with time (Fig. 29) . No throm・ 
bus formation was observed in any of the 3 
dogs. 
Method VI : The I t curves were almost 
flat (Fig. 30), and minimal discoloration of 
the segments and appearance of bubbles of 
gas around the electrode were noted. The 
vessels of al 3 dogs were patent on the second 
postoperative day. 
Method VII : The I t curves were almost 
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Negative controlled potential electrolysis. 
2 
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Fig. 30 Controlled potential electrolysis with an 
alternating current. 
mA 
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Fig. 31 Controlled potential electrolysis in me-
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Fig. 32 Controlled potential electrolysis in日gment
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Heparin sodium 5000U. i.v 
。 5 15 MIN 10 
Fig. 34 Controlled potent回lelectrolysis immediate-
ly after intravenous injection of heparin. 






Protamine sultate 50mg, 1.v 
。 5 10 
Fig. 35 Controled potential electrolysis immediate-
Iv after intravenous injection of protamine. 
~~ j 
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Fig. 37 Controled potential d:ctrolys1s in a seg-
ment of dog femocal vein. 
the same as with Method I (Fig. 31). The 
vessels of al 3 dogs were also totally occluded 
in the follow-up studies. 
Method VII and IX : Both showed 
almost the same type of 1-t curves (Figs. 32 
and 33). Follow”up studies showed occlusion 
of the vessels of al 6 dogs in which the 
current had been stopped at les than 1 mA. 
When heparin sodium (5 ml, 500 U), or 
protamine sulfate (5 ml, 50 mg) had been 
injceted intravenously before the electrolysis, 
the I-t curves were not altered (Figs. 34 and 
35) , and the follow-up studies were also al 
positive (Fig. 36) . 
Method X : No significant differen慨
w<:re observed between the common carotid 
arteries and the fem oral veins in their reac-
tion to controlled potential electrolysis (Figs. 
37 and 38). 
DISCUSION 
The changes in a vascular segment were 
observed following positive and negative 
electrolytic polarization with a platinum needle 
electrode, and the passage of A. C. between 
the needle electrode and a counter-electrode. 
lntravascular thrombosis was induced only by 
positive electrolytic polarization. The phenomenon of thrombus formation by positive 
electrolysis apprnred to be due to electrolysis of the blood followed by adherence of the 
electrolized blood coagulum to the vessel wall. LAMB et al.18> showed that the in vitro 
coagulation of the whole blood of dogs and in vivo thrombosis of blood vessels depended 
on the strength of the voltage and that below the electrolytic decomposition potential 
(2.0 V) whole blood was not deposited as a coagulum on the positive electrode even when 
the amount of charge allowed to flow was greater than that which caused coagulation at 
higher voltages. 
Accroding to studies in organic electrochechemistry, positive electrolysis appears to be 
more complex and uncontrollable than negative electrolysis. In studying the changes of 
the formation of membrane around the electrodes by electrolysis, two methods of controlled 
current and potential electrolysis are used. In electrolysis of the blood, controlled potential 
electrolysis seemed to be better than controlled current electrolysis. In the latter method, 
it was difficult to determine the time when electrolysis should be stopped in order to 
induce thrombosis, sinこevoltage increases progressively with time (Fig. 39) . In contrast, 
in the former method, there is a definite tendency for the strength of the current to charge 
with time (Fig. 40), making it much easier to study the changes around the electrode. 
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Fig. 39 Controlled curent eLctrol;sis in a seg-










2 、、～一。 5 10 15 20 25 30 MIN 
Fig. 40 Controlled potential electroly円、 in3 町立ー
mcnt of dog common carotid artery 
In Method I, with electrolysis with les than 20 V, there were no gross changes in 
the current. This is probably due to weal王 electrolysisand electrophoretic action, which 
will not have enough effect to form compact membranes of blood coagulum around the 
electrode. The currrnt lxgan to decrease with electrolysis with more than 20 V as time 
went on. From the electrcchemical point of view, this phenomenon might be explained 
by the following mechanisms ; the blood in the segment is completely electrolized and 
strongly adherent around the electrode elcctrophoretically, which may lead to the formation 
of compact membranes of coagulum and increased electrical resistance. ’The main factors 
increasing electrical resistance in the positive controlled potential electrolysis of blood are 
considered to be as follows: (1) evolution of oxygen around the positive electrode: (2) 
formation of compact membranes of blood coagulum by electric attraction ; (3) changEs 
of tissue impedance (IR-drop), etc. With positive controlled potential electrolysis at 10 V, 
the evoluation of bubbles of gas was already observed. These experimental results indicate 
that the phenomenon of the decreasing current with electrolysis at more than 20 V is 
probably due to the compact membranes deposited around the electrode rather than to the 
resistance四usedby the evolved oxygen目
Experiments were carried out on the assumption that clips could be applied temporarily 
approximately 2 cm apart in clinical四ses. It seems to be possible to place the temporary 
clips as far as 5 cm apart, evιn when the dissection and isolation of the parent vessel near 
the aneu可smsis difficult. In Method I, the time at which the current begins to decrease 
became longer as the length of the segment increased. So, the distance between the tem-
porary clips influences the I-t curve. Even with longer segments, the I t curve will reflect 
the changes around the electrode. When the current begins to decrease, the blood in the 
segment will be completely electrolized, and compact membranes of coagulum will be 
deposited around the electrode. During clinical application, discoloration of the aneurysmal 
sac by electrolysis will be seen around the needle electrode within the sac at first, then 
extending to the entire lumen as the strrngth of the current decreases. Hence, a throm-
bus can always be induced in an aneurysmal sac ; itis not necessary to see the discolo-
ration, but only to note when the strength of the current begins to decrease. Although 
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the length of the portion of the needle electrode within the vessel also influences electrolysis, 
these experiments were al carried out with 1 cm of needle inserted, in consideration of 
the actual size of intracranial aneuηsms. 
In Method II, no definite decrease of the current was observed. This may be ex-
plained by the assumption that the membranes deposited around the electrode are partially 
separated and removed by the blood flow. The membranes around the electrode are readily 
separated by the summation of effects of the evolved oxygen and of the blood flow, and 
become somewhat loose even after deposition around the electrode. The results of Method 
IV also show the influence of the blood flow upon the formation of the membranes which 
will be the nidus of thrombus formation. 
In Method V, marked evolution of bubbles of gas was noted, but no blackish-brown 
discoloration. With the passage of A. C., in Method VI, the occurrence of electrolysis 
could not be observed because there were almost no bubbles of gas or discoloration of the 
segment, and the I t curves were al flat. 
Experiences in vascular surgery, especially surgery on the small vessels have taught 
us that any type of injury (mechanical, chemiαI, etc.) to the vessel wall often leads to 
thrombus formation. In Method VII, the segment was injured mechanically by a Kocher 
clamp, but the I t curve showed no significant difference between intact and injured 
segments. However, the same reaction of injured and non-injured segments to controlled 
potential electrolysis is not always reflected in similar results following electrolysis. Electroly-
sis could induce the initiating process of thrombus formation, but could not influence the 
entire process of thrombus formation. The mechanism by which electrolized blood coagulum 
adheres to the inner wall of the vessels must be studied further from various approaches. 
Certain chemical substances released from the injured vessel wall may activate the surface 
of the inner wall and change its potential difference so that an electric attraction developes 
between the injured vessel wall and the blood cel elements, resulting in thrombus forma-
tion around the injured arms of the vessel wall. Anyway, the absence of gross differences 
in the I t curve between normal and injured segments cannot be explained unless we 
assume that the released substancES have minimal influence in the earliest stage of throm-
bus formation by electrolysis. 
The results of other studies43> have shown that the negativity of the inner wall of 
the vessels with respect to the adventitia is increased by the administration of heparin, and 
decreased by protamine. Hence, the former protects against thrombus formation, and the 
latter promotes it. However, in Methods VIII and IX, no significant difference was 
observed in the I-t curve between the two methods. The same type of I t curves does 
not always mean that the process after electrolysis is the same, but it is apparent that the 
typical descending type of the I t curve always reflects thrombus formation. 
It is obvious that many differences between the artery and the vein are present, es” 
pecially in the nature of the vessel wall and the blood in the lumen. Method X was 
performed to detect whether or not significant differences are present in controlled positive 
potential electrolysis. Since no definite differences were noted, it is probable that in the 
initiating process of thrombus formation by electrolysis, the type of vessel does not signi-
ficantly influence the response to electrolysis. 
It is clear from th回eexperimental studies that thrombosis induced by controlled 
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potential electrolysis with a rather strong current has the following characteristics: (1) 
a thrombus can be produced easily, and the recognition of whether or not a thrombus 
will be induced is quite possible in the early stage , (2) , as already shown in the throm-
bus induced by bipolar electrodes48>, no tendency toward spontaneous dissolution or ab-
sorbability is observed, in contrast to thromhi induced by other methods ; and (3) there 
is no possibility of extension or embolism of the induced thrombus. In clinical applica-
tion, the membranes of the blood coagulum are compact around th巴 needlewithin the sac, 
and become looser as the distance from the electrode increases. The loosely electrolized 
blood in the parent vessel may be removed away without causing embolism. Moreover, 
the proc白 S白 ofthrombus formation are interrupted at the mouth of the aneurysmal sac 
by the flushing action of the blood flow in the parent vessel. 
CLINICAL CASE 
CASE 4 : A 52 year old male was admitted with complaints of pulsating tortuous 
dilatation of the vessels extending from around the right ear to the temporal, parietal and 
frontal regions, and a dark reddish, easily bleeding, diffuse swelling around the right ear 
(Fig. 41 and 42). At about ten years of age, he had developed a small，回silybleeding 
swelling in the right supraauricular region, which gradually increased in size and began 
to resemble a cavernous hemiangioma. He had been treated by ligation of the vessels 
flowing into the lesion several times and by radiation therapy at other clinics. However, 
Fig. 41 Fig. 42 
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despite these procedures, the lesion continued to increase in size and extended to the right 
temporal, parietal and frontal regions. Then, the left superficial temporal artery also started 
to show totuous dilatation. Because of the presence of abundant anomalous feeding arteries 
seen in right vertebral angiography (Fig. 43) , ligation of the external carotid arteηand 
as extensive resection of the arterial branches 
as possible were performed by right neck dis-
section. These procedures lessened the pulsa-
tion of the lesion fairly well, but could not 
cause it to disappear (Fig. 44). So, segmental 
obstruction of the lumen in the exposed v白sels
in the right preauricular, frontal and left tern-
poral regions was attempted by controlled 
potential electrolysis (Fig. 45). The patient 
tolerated the procedures well and the pulsat-' 
ing tortuous dilatations over the scalp disap-
peared (Figs. 46 and 4 7). 
Comments : In the left temporal region, 
a segment about 5 mm long and 2 mm in
diameter, was ligated off temporarily with 
two silk ligatures, and electroli詑d with 35 
volts. The current decreased rapidly and fel 
below 1 milliampere within two minutes. 
The current was stopped at ten minutes. In 
the right preauricular region, two segments 
were made. Each segment was elctrolized 
as shown in Fig. 45. It required much more 
Fig. 43 
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time for the current to begin to decrease in 
the lower unusually large segment which was 
fed by a non-ligated branch. ＼ヘTith5 volts, 
the current began to decrease at forty minutes 
and stopped after one hour. A segment in 
the frontal region, approximately 1.0 cm in 
length and 5 mm indiameter, which resembled 
an intracranial aneurysm, could be electrolized 
with 15 volts within ten minutes (Fig. 48). 
After removal of the ligatures, no migration 
of the electrolized coagulum was observed in 
any of the segments. 
The results of controlled potential electro-
lysis in these three segments indicate that 
electrolysis occurred at a high voltage for a 
short duration in the smaller segment, while 
15 MIN 
吋 inthe large segment a low voltage of long 
Fig. 48 
duration was needed. The response of human 
vessels to controlled potential electrolysis agreed satisfactorily with the experimental result九
This clinical trial establishes the applicability of this new l工ethodto intracranial vascular 
malformations. 
MATTERS REQUIRING ATTENTION DURING CLINIC‘九LAPPLICATION 
Even when discoloration of the aneurysmal sac by the application of a positive electric 
current回 nnotbe ascertained through adherent brain tissue, one四 ndetermine whether 
or not a thrombus is forming within the aneurysmal sac by carefully examining the I-t 
curve. However, in order to obtain accurate information, one must be especially careful 
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of the following points . 
( 1 ) The parent vessel should be carefully dissected and isolated as far proximally 
and distally as possible for the application of the temporary clips. 
( 2 ) Before the passage of the current, great care must be taken to ・avoid electric 
leakage by careful control of the bleeding points and the application of rubber sheets. 
Controlled potential electrolysis at a voltage which allows a flow of over 5 mA isthen 
started, and the current is stopped when becomes les than 1 mA. In the experimental 
studies, incomplete isolation and oozing of blood from the surrounding tissues between the 
segment and the rubb日 sheetsduring passage of the current caused the insulation of the 
segment to be incomplete, and the I-t curve showed oscillation and fluctuation. 
( 3) Repeated insertion of the needle electrode must be avoided. Even if the tip 
of needle is sharpened smoothly, leakage of bubbles of gas and sometimes blood through 
the first hole can impair the insulation. 
( 4 ) Care should also be taken to fix the needle securely so that it will not be 
displaced during the procedures. When the depth of anesthesia was not well-controlled, 
the I-t curve often fluctuated because of displacement of the needle by the dog’s body 
movements or by deep respiration. 
( 5 ) The descending I t curve may suddenly fluctuate during the passage of the 
current even when hemostasis and insulation are complete. This is probably due to the 
separation of the membranes of the coagulum formed around the electrode from the needle 
by the bubbles of gas in the segment. In such cases, the current may be stopped when 
it is estimated that the extending curve would cross the level of 1 mA. 
( 6 ) When the distance between the temporary clips is more than 2 cm because of 
difficulty in dissection or separation of the parent vessel due to firm adherence to the sur-
rounding tissues, the current may be stopped when the I t curve begins to descend. 
( 7 ) However, when the I -tcurve does not descend in 15 min, the current may 
be stopped at 15 to 20 min. Since the hemodynamics in the lumen of an intracranial 
aneurysm differs from that in experimental segments, the formed membranes of the coa同
gulum around the electrode, even if loose because of incomplete electrolysis, can probably 
not be washed away so easily as in the experimental segment. It is probable that partially 
occluding thrombosis in the lumen will facilitate further thrombosis as a nidus, so that 
lateral pressure against the wall of the aneurysm will be diminished and the possibility of 
rupture greatly reduced. The experimental results indicate that perfect procedures wil 
cause the production of a thrombus in the lumen by controlled potential elιctrolysis for 15 
to 20 min. even when the distance between the temporary clips is not always constant. 
SUMMARY 
( 1 ) A new method of treating intracranial aneurysms which are difficult to ligate 
them because of firm adherence to the surrounding brain tissue or dangerous to expose 
them completely has been devised : electrically induced thrombosis, either alone or inムm・
bination with EDH Adhesive. This method may be used to treat intracranial vascular 
malformations which are not suitable for other establisht:d methods, or as an additional 
procedure following clipping or coating. 
( 2 ) Thrombi were produced experimentally in s<'gments of clog carotid arteries and 
ELECTRICALLY INDUCED ARTERIAL THROMBOSIS 59 
veins rapidly and in a naπow operative field by controlled positive current. The inser-
tion of a fine needle type electrode, 0.2 mm in diameter, by the “Acupuncture" technique 
or manual manipulation and the application of a positive electric current of 5 mA for 15 
to 20 min. produced thrombi at a rate of 100%. 
( 3 ) Thrombosis was induced by positive electrolysis of the blood vessel. 
( 4 ) The relationship between thrombus formation and the potential difference 
changes 回 used by the application of electric current was investigated by measuring the 
P. D. changes of the vessel wall in vivo. These potential changes could be det目 mined
qualitatively, but not quantitatively. 
( 5) Electrochemically, controlled potential electrolysis instead of controlled current 
electrolysis was used to determine whether or not a thrombus can be induced in the 
aneurysmal sac and, if so, its quality and gross quantity during the passage of the current 
or immediately after. A standard thrombus could be induced in al cases by this method ; 
the electrolysis was started under controlled voltage allowing a flow of over 5 mA, then 
the current was gradually decreased and stopped when it reached less than I mA. 
( 6 ) In the initiating process of thrombus formation by electrolysis, the kind and 
nature of the vessel wall did not significantly affect the r田ponseto electrolysis. The 
major role seems to be played by the blood itself, not by the vessel wall. 
( 7 ) Electrically induced thrombosis by controlled potential electrolysis was applied 
successfully in a clinical case. 
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